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EFFECTS OF SOME KEY FACTORS ON WORKING PROCESS OF 
A SINGLE SCREW COMPRESSOR 
Li Hongqi 
W anbao Compressor Holding Company 
People's Republic of China 
ABSTRACT 
In order to have a better understand of the inner working process of 
an oil-flooded single screw compressor, a mathematical model including 
heat transfer between gas and oil, leakage mechanism and gas-oil flow is 
built up and is proved by test. The effects of these factors on working 
process are also analyzed and the criteria of flow states in leakage path are 
presented in this paper. 
INTRODUCTION 
An oil-flooded single screw compressor, as a rotary compressor, has 
many characteristics. These characteristics cause the advantages of 
compact structure, few parts, high reliability and long life. But they also 
cause the complex working process. Many factors such as heat transfer 
between oil and gas, flow in discharge port and leakage etc. greatly 
influence the performance of the compressor. Sothat it is very important to 
study the effects of these key factors on working process ·of a single screw 
compressor Meanwhile, because research on any compressor all takes 
the first law of thermodynamics as base, the main difference is how to 
calculate the heat transfer and mass flow. This research work is also the 
bases of performance prediction, optimization and heat expansion analysis 
of rotor. 
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MATHEMATIC MODEL OF WORKING PROCESS 
Calculation of Leakage 
How to determine the flow states in leakage pathes is the key problem. 
The flow in leakage pathes is supposed as Fig. I . Oil flows along the 
surface of metal walls, in the center is the gas flow. The thickness of oil 
film varies with the pressure difference between the input and the output 
ports of the leakage path. 
There is only oil leakage when the total thickness of both oil films is 
greater than the height of leakage path. Otherwise, oil-gas two phase 
leakage occurs in the path. 
The thickness of oil film can be calculated with following 
equation(Fig.l ): 
where 
't - shearing stress in the border surface of oil and gas 
ug - velocity of gas 
J.l - dynamic viscosity of oil 
p - pressure . 
uw- velocity of wall 
s - the ratio between the velocities of gas and oil 
The flow rate of oil and gas leakage can be calculated easily whenever 
the flow state in leakage path has been determined. 
Heat Transfer 
Heat transfer is usually calculated with the following formula: 
dQ(t,F) = a(t,F)~T(t,F)dFdt (2) 
where 
dQ- heat transfer ratio 
a - heat transfer coeflicient 
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t~time 
F ~heat transfer area 
AT- temperature difference 
There is no heat transfer between gas and metal wall because a thin oil 
film exists in the surface of metal wall. Sothat, there are two kinds of heat 
transfer in a single screw compressor, one is heat transfer between gas and 
oil drops in the gas, the other is the heat transfer between gas-oil mixture 
and oil film. The heat transfer coefficients can be calculated respectively 
as below: 
~Vu == 2. 0 + 0. 6 Re0·6 Pr033 (3) 
!.Vu == 0.023Reos (4) 
1 wnere 
Nu- Nusselt number 
Do Rco,rnolds nllmb""'r .L "-'-' - .L '-' .J J.J. .LJ. UJ. 'lo.l 
P- p-... -dt1 ................ be-l - 1a11 1 HUH! 1 
Flow In Discharge Port 
The discharge process is very important because of its coercive 
characteristic. It is generally calculated with flow principles of hole-plate 
or nozzle. The difficulty is how to determine flow coefficient. 
Compared with standard hole-plate, several correct indexes are 
introduced and the experimental formula to calculate the flow coefficient 
is sumed up according to test results: 






- flow coefficient of standard hole- plate 
A, B, C- correct indexes 
The testing results and calculating results of flow coefficient are 
shown in Fig.2. In the figure,~is the equivalent diameter ratio. It is obvious 
that this formula is suitable to calculate the flow coefficient. 
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EFFECT OF SOME FACTORS ON WORKING PROCESS 
The performance and the working process of the compressor can be 
calculated when the mathematical model has been built up. The test results 
prove that this mathematical model can present the real working 
conditions of compressor. 
Heat Transfer Between Oil and Gas 
Heat transfer is dependent on surface area, time and temperature 
difference, i.e., oil rate, rotating speed and original temperature of oil. 
Large oil rate, slow rotating speed and low oil temperature cause strong 
heat transfer. 
Fig.3 shows the compression exponent calculated with the 
mathematical model. In the figure( the same as other figures), 
N - rotating speed 
n - compression exponent 
G- oil injection rate 
The soild lines are those considering both kinds of heat thansfer and 
the broken lines are those only considering the second kind of heat 
transfer. 
It is known from this figure that the existence of heat transfer makes 
compression process deviate from adiabatic process and approach to 
isothermal one. The stranger heat transfer is, the more compression process 
approaches to isothermal process. Heat transfer between gas and oil drops 
is much greater than that between gas-oil mixture and oil film. 
The heat transfer will reduce the power consumption of compressor 
and develop its performance. 
Leakage 
The leakage varies with oil in~ection, rotating speed and pressure 
difference. High rotating speed and low pressure difference cause the 
decrease of leakage. 
28 
Fig.4 is the calculating results of compression exponents while 
considering both heat transfer and leakage. Comparing Fig.4 and Fig.3, it is 
known that leakage causes the decrease of compression exponents, sothat 
power consumption will be reduced. But the discharge capacity is reduced 
in the meantime. The efficiency of compressor must come down. 
Pre-heating and Pre-compression In Suction Process 
Because of the heat transfer between gas and oil, gas entering into 
compressor in suction process is heated. This pre-heating makes the gas 
expand and volume efficiency decrease. 
Fig.5 shows the temperature increase. In this figure, b.T8 is the 
temperature increase, the lines and the broken lines are calculated results, 
the broken lines are those only considering the second kind of heat transfer, 
and the dots are tested results. 
The pre-compression means that the real pressure of gas at the end of 
suction process is higher than the suction pressure in name. It only 
depends on rotating speed and makes the volume efficiency of compressor 
increase. The relationship between pre-compression ratios and rotating 
speed is shown in fig.6( £ is the pre-compression ratio). 
CONCLUSION 
The heat transfer, leakage, flow in discharge port and pre-compression 
greatly influence the preformance of an oil-flooded single screw 
compressor. It makes the power consumption: and the volume coefficient 
decrease, and also makes the compression process deviate from adiabatic 
process . Sothat it is very important to study their effects for the building up 
of mathematical model, performance analysis and improvement of disign. 
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